Context: The burden of TB in Africa tends to be exacerbated by the socio-economic situation and the high prevalence of intercurrent infections such as HIV, malaria and non-specific bacterial infections. These factors often result in anemia, making patients at high risk for anemia. Objective: We aimed to gain insights into the characteristics of anemia, hematologic variations and socio-economic status in untreated pulmonary TB patients (PTB) in Kinshasa, the Democratic Republic of Congo. Methods: We conducted a cross-sectional analysis of 200 smear-positive pulmonary TB patients (PTB) recruited at the initiation of TB treatment. Complete Blood Count, Iron profile, BMI, CRP and albuminemia were assessed. Data were analyzed using Student t or Mann Whitney tests as appropriate, and logistic regression was performed to assess the strength of associations. Results: Anemia was a regular finding in (69%). This anemia was mostly moderate (92.2%) and with iron deficiency pattern (48%). Hypoalbuminemia was observed in half of the subjects and appears to be correlated with the severity of anemia. Surprisingly, the severity of inflammation, as reflected by the CRP, was inversely correlated with the anemia. In the multivariate analysis, alcohol intake (OR: 2.38; IC 95%: 1.05 -5.38), hypoalbuminemia (OR: 1.98; IC 95%: 1.02 -3.82) and CRP rate were significantly associated with the presence of anemia among pulmonary tuberculosis at the diagnostic. Conclusion: This study demonstrates the heavy burden of the iron responsive anemia and risky life conditions in newly diagnosed TB patients, and underscores the potential usefulness of iron supplementation in the Congolese context.
Introduction
More than 130 years after the identification of Mycobacterium tuberculosis and 60 years after the first discovery of anti-tuberculous antibiotics, tuberculosis (TB) remains a public health concern, especially in developing countries. TB is still a major cause of mortality in the world, after HIV/AIDS. The World Health Organization reported an estimate of 1.4 million TB deaths for 2015 [1] . Unsurprisingly, the greatest majority of deaths occurred in sub-Saharan Africa and South Asia [1] . The Democratic Republic of the Congo is one of the top 22 by estimated absolute number of TB cases, and the 5th in Africa. The incidence of TB in DRC was estimated to 250,000 new cases in 2015 [1] . The burden of TB in this country seems to be exacerbated by the difficult socio-economic situation and the high prevalence of some intercurrent infections such as HIV, malaria and non-specific bacterial infections. In addition, Sickle Cell Anemia (SCA), a chronic hemolytic anemia, is particularly highly prevalent in DRC and co-morbidity TB-SCA can be expected in this country as reported elsewhere [2] [3]. Each of these factors often results in anemia among other complications, making the Congolese population one at high risk for anemia of various origins.
Anemia is widely recognized as a common TB-associated morbidity [4] [5] . The prevalence of TB-associated anemia varies from 32% to 86% [5] [6] [7] and numerous causes have been invoked [8] . It should be noted that anemia in tuberculosis is mainly inflammatory anemia (anemia of inflammation or AI). Interestingly, this AI often resolves with TB treatment as previously reported [4] [5] [9] . Also, depending on whether HIV is also present or not, resolution of anemia was reported after ART treatment in TB-HIV+ patients [10] . Of interest, patients with iron-responsive anemia (iron deficiency anemia (IDA), and multifactorial anemia (IDA + AI)) [4] [9] do not show spontaneous resolution of anemia with TB treatment. Rather, iron-responsive anemia in TB tends to recover quickly after 2 or 3 months of iron supplement in addition to TB treatment [4] [11] . Based on the observation that anemia is generally multifactorial in Sub-Saharan Africa (SSA) [8] , it can be speculated that majority of TB-patients would need iron supplement. Caution is however warranted since iron-based intervention is not only unnecessary in AI, but can also cause iron overloading and be harmful, e.g. by increasing bacterial replication through shifting of Th1 to Th2 cytokine responses, and blocking the No-dependent bactericidal activity [4] [12] . Therefore, iron status biomarkers are important in determining the real need and efficiency for iron supplement.
Besides iron assessment, a full characterization of anemia should be recommended since other hematologic modifications affecting platelets, leucocytes or proteins can inform about the disease prognostic. Results from leucocytes and platelet lineages assessment in TB are variable in that both leukocytosis and [6] . Besides, hypoalbuminemia, which is tightly associated with nutrition deficiency in this setting, has also been recognized to influence the TB prognostic [13] [14] [15] . The meaning of these variations with regards to the anemia seems unclear.
A better understanding of the causes and types of TB-associated variations would pave the way for the implementation of efficient management strategies in DRC. This study aimed at gaining insights into the characteristics of anemia, hematologic variations and socio-economic status in untreated pulmonary TB patients (PTB) in Kinshasa, the Democratic Republic of Congo.
Methods

Study Design and Population
This study was conducted in 5 centers fully dedicated to the diagnostic and treatment of TB in Kinshasa (DTC) between June and October 2015. These DTC were selected based on their geographical accessibility and the high number of treated patients. In each of these centers, we systematically recruited all adult TB patients (aged at least 15 years) newly diagnosed and naïve of any TB treatment.
The diagnostic was considered positive upon the detection of acid fast bacilli (AFB) on 2 consecutive sputum smears stained by Ziehl-Neelsen. In addition to patients previously under TB treatment, we also excluded patients with comorbidities (a disease with significant impact of hematologic parameters) or other treatment with potential impact on hematological parameters, with exception for HIV. HIV screening was performed on whole blood sample. A total of 200 patients were recruited and from each of them we collected anamnestic (previous exposure contact, alcohol and/or tobacco use), demographic information (age, sex, gender) and anthropometric data (weight and height for BMI calculation).
The time interval between the onset of symptoms and diagnosis of tuberculosis, and the social and economic level (SEL) according to the scale of the Ministry of plan in DR Congo, were also recorded.
Laboratory Procedures
Blood sample was drawn from each participant both in a dry tube and in an EDTA coated tube, and these tubes were transported in a cool box to the laboratories. The complete blood count was performed at the Monkole Hospital using the sample in the coated tube on a Sysmex XN-1000 PLC sysmex corporation japan Kobe 2012), within 6 hours after the collection, and following the manufacturer's procedure. This PLC delivered the hemoglobin (Hb) level and hematocrit (Ht), white blood cell total and differential counts, platelets and red blood cell counts, as well as the reticulocyte count.
Conversely, the dry tube was centrifuged at 5000 rpm on a KOKUSAN H-36 centrifuge (Kokusan corporation japan Tokyo) and the plasma was collected and stored at −20˚C for the following analyzes: C-Reactive Protein (CRP, mg/l), albumin (µg/l), iron (g/dl), transferrin (mg/dl), creatinine (mg/dl), and HIV serology. The dry tube was transferred upon collection to the University Hospitals of the University of Kinshasa (CUK) where serum iron was assayed by spectrophotometry as previously described [16] .
The measurement of serum albumin was done at the CUK on a photometric colorimetric test based on the previously described principals [17] , using the Albumin liquicolor kit® (Human GmbH, Germany) and following the manufacturer procedure (HUMAN, Wiesbaden, Germany). In this procedure, the bromocresol green is mixed with albumin in a citrate buffer and created a unit that has an absorbance that is proportional to the concentration of serum albumin.
The CRP was quantitatively estimated using Humatex CRP kit® (Human GmbH, Germany) according to the manufacturer's protocol. It should be noted that the serum transferrin and creatinine were assayed only in the 62 patients with the lowest hemoglobin level (5.8 to 10.6 g/dL). The kit transferring and calibrator C3
C4 TRF Standard (Human GmbH, Germany) was used for transferrin quantification and the absorbance was read at wavelength of 340 nm on a Human lyser primus (Human GmbH, Germany) XXX (Firme, Ville), based on a turbidimetric method. The dosage of serum creatinine was based on the Jaffé reaction [18] .
Operational Definitions
The socioeconomic level was evaluated by scoring the assets in the household and the accommodation characteristics, and the classification was made based on the total score:
• Low socioeconomic level, when the score is ≤ 5.
• Average socioeconomic level, when the score is between 5 and 11.
• High socioeconomic level, when the score is above 10 [19] .
Undernutrition was defined as a BMI < 18.5 kg/m 2 [20] .
Anemia was defined as Hb > 13 g/dl for men or Hb < 12 g/dl for women [21] .
Based on the hemoglobin, the anemia was classified as [22] -moderate between 8 -12 g/dl (for women) and 8 -13 g/dl (for men)
-severe below 8 g/dl The microcytic Anemia was defined by a value of VGM < 80 μ 3 , the macrocytic anemia by a value of MCV > 100 μ 3 , and the hypochromic anemia by a value of MCHC less than 32% [22] . Iron deficiency anemia in case of inflammation is defined by an elevated CRP (greater than 6), anemia and elevated serum transferrin (greater than 340 mg/dl reference value according to the manufacturer) [23] . Leukopenia was defined as a value of WBC less than 4000 elements per mm 3 , leukocytosis by WBC count above 10,000/mm 3 [24] , thrombocytopenia as a platelet count below 150,000/mm 3 [25] , thrombocytosis as platelet counts greater than 400,000 cells/mm 3 [25] . The smear-positive Pulmonary TB was confirmed when at least two Ziehl tests on three sputum specimens were positive, or in case of a single positive Ziehl test on three specimens associated with a radiological image compatible with active tuberculosis; or a single positive
Ziehl test on three samples in the context of HIV seropositive. 
Ethical Considerations
This study was conducted with the approval of the National Tuberculosis Program. Oral consent was obtained after oral explanation of the study aims and methods. The confidentiality was guaranteed by De-anonymizing data. The results were returned to those patients after appropriate counselling.
Results
General Characteristics of the Study Population
The general characteristics of the study population are summarized in Table 1 . The mean age was 30.1 years for the 200 patients, and there were more males (65%) than females. Married and single represented respectively 34% and 58.5%. The vast majority of our patients (80%) received at least the secondary school education and 19% were pursuing their studies at the time of recruitment. However, 40% were unemployed. About 93% had a low socioeconomic level.
Regarding patient's lifestyle and history, 29% were alcohol consumers while 27.5% were current smokers. Previous contact with TB patients was reported in 16% of cases and 6.5% had a positive HIV status. Half of patients were malnourished (51%) and the median duration of the disease since diagnostic was 4 weeks. About 58% of patients presented with hypoalbuminemia and the median CRP was 24 mg/dl.
With respect to the thresholds applied during this study, anemia was present in 139/200 subjects (69.5%). The characteristics of anemia are shown in details in Table 2 . The common form was moderate regenerative anemia. Iron deficiency was observed in about half of the cohort as suggested by the RBC indices. Normal or low transferrin was significantly associated with inflammation expressed by CRP rate (p = 0.024) in the sub-cohort of 62 patients ( Table 3 ).
Anemia and Serum Transferrin
The cell count in white lineage was within the normal range in the vast majority of patients (80%), whereas hyperleukocytosis was observed in 11% and leukopenia in only 9% (Figure 1 ).
The platelet count was normal in 65.5% of cases, and thrombocytosis or thrombocytopenia was observed respectively in 25.5% and 8% of subjects ( Figure 2 ). Table 4 shows factors associated with the presence of anemia. Alcohol consumption, HIV positive status and hypoalbuminemia were risk factors for anemia.
Anemia was more frequent in the hypo-albuminemia context. Hypo-albuminemia was twice more associated with anemia than normo albuminemia (OR: 1.98; IC 95%: 1.02 -3.82). The CRP was more elevated in patient with anemia (36.4 vs 24.4).
Discussion
In this study, we prospectively recruited newly diagnosed PTB patients from treatment centers across Kinshasa and investigated their general characteristics, anemia as well as other hematologic changes. The mean age of patients was around 30 years and male patients were predominant in this study. Similar trend has been previously reported from the Sub-Saharan Africa sub-continent and elsewhere [4] [5] [6] . This predominance of male patients within their active age supports the previous assumption that the disease mainly affects young people with great mobility. In addition, smoking and alcohol intake are important risk factors frequently observed in this age and gender category, as previously reported [26] [27] . Likewise, nearly one in three patients in the current study has a history of smoking and alcohol intake. There is a surprising contrast between the higher number of patients with at least secondary education (80%) and the particularly high number of patients with low socio-economic situation (SES) (92.5%). The higher education rate is compatible with the urban setting where this study was conducted. In contrary, the lower SES overserved here supports the known correlation between TB and poverty [28] .
Half of patients presented with BMI below 18.5 and hypoalbuminemia, which corresponds to undernutrition. Such observation is not a surprisingin TB patients given the anorexia, the TNF-α related cachexia and other factors. TNF-α is abundantly produced during the macrophage invasion of bacilli [29] [30] . In addition, the underprivileged live related to the SES can also be seen as potential contributor to the low BMI.
The 6.5% rate of TB-HIV/AIDS co-infection in this study is significantly lower than the 15% DRC average or 31 African average reported in the WHO Global report 2016 [1] , and strikingly low than the 76% reported in Kenya [31] . The disparity could result from differences in study design and setting. It has been abundantly proven that many TB-HIV patients present with smear-negative or extra pulmonary TB [32] [33] [34] [35] . The fact that the current study only included smear-positive Pulmonary TB patients, and that extra-pulmonary TB was not considered could have resulted in a significant exclusion of TB-HIV patients, thus leading to lower TB-HIV rate. Anemia of any severity was observed in more than two-third of patients (69.5%) in the current study. This is rather a common finding during TB [4] [5], with significant frequency variability, including 67% in Gambia, 63.2% in Indonesia, 37% in Ethiopia [7] , or 31.9% in South Korea [4] [5] [9] . However, the anemia in the current study seems to be at the upper end of the reported frequencies. This could be due to the high burden of iron deficiency reported here. Of note, iron deficiency was diagnosed in about half of patients with moderate to severe anemia. This is significantly higher than in previous studies where anemia of inflammation was significantly the most common form in TB patients [4] . It can be speculated, based on the low BMI and hypoalbuminemia, that unbalanced or insufficient nutrition partly explains the iron deficiency identified in the current study. Considering that iron supplementation in mild to moderate PTB-associated anemia previously showed increased Fe saturation of transferrin [11] , we recommend systematic assessment, wherever it is possible, of iron profile, and subsequent iron supplementation at early stage of TB treatment in PTB patients with iron-responsive anemia in Kinshasa. The multifactorial nature of Journal of Tuberculosis Research anemia is not easy to establish in Congolese setting and was not assessed here. However, it should be noted that the mean CRP (24 mg/dL) reported is this study is significantly higher than in many other studies. Based on previous studies, such high CRP values are suggestive for community acquired pneumonia (CAP) rather than TB alone where CRP values were often below 10 mg/dL [36] [37] . Therefore, it cannot be excluded that another infection could be superimposed to TB in some patients and exacerbate iron deficiency in the current study. Neither malaria, non-specific infections, nor SCD, known to be endemic in the Congolese setting, were specifically excluded as a potential cause for anemia in this study. The investigation of the consequence of anemia on the treatment outcome is beyond the scope of the current study.
Although majority of our patients have normal leucocyte count (80%) and platelet count (65.5%), some variations were observed included leukocytosis (11%), leukopenia (9%), thrombocytosis (25.5%) and thrombocytopenia (8%). Depending of studies, important variations of leukocytes, including leukocytosis in 3% to 28.63% and leucopenia in 2.20% to 24% of patients, have been previously reported [3] [6] [39] . It should be noted that these leucocytes variations were far from being evenly distributed. Leukopenia was most frequent in TB/HIV co-infection (p = 0.034) in this study as well as in the study by Hane et al. in Senegal [24] . The immune response in TB is still poorly understood [40] [41] [42] . The reported compartmentalization of immune response is a dynamic process and temporal changes in leucocytes and other blood immune markers have been reported [40] . This phenomenon probably contributes to variations observed from one study to another. In the current study, leucocyte variations were far from being evenly distributed. Leucopenia was most frequent in TB-HIV co-infection (p = 0.034) as similarly reported by Hane et al. [24] . Thus, the impact of HIV on hematopoiesis is another plausible explanation for the leucocyte variations. On the other hand, platelet variations, more specially thrombocytosis, are common observations in tuberculosis. Thrombocytopenia in TB was ascribed to a general context of pancytopenia, a form of immune thrombocytopenia or to effect of anti-tuberculosis antibiotics [43] [44] [45] . The range of variations of platelet count observed in this study is close to previous reports [6] . Renshaw and Gould (2013) suggested that patients with thrombocytopenia and pulmonary infection had increased risk for positive mycobacterial culture [46] . This assumption was not specifically investigated in the current study. Instead, we observed an association between thrombocytopenia and alcohol consumption in the current study. It has been reported that chronic alcohol consumption results respectively in significant increase in the Mean Platelet Volume (MPV) and significant mean of platelet count [47] . However, we cannot objectively incriminate alcohol consumption in the platelet count variation in this study since chronic consumption as well as the severity of consumption was not assessed. Our result supports a correlation between CRP and MPV. This is consistent with previous observations [25] [48] .
In univariate analysis, alcohol consumption, HIV infection, hypoalbuminemia This is the first comprehensive study of hematologic variation in TB in Kinshasa. However, these results need to be interpreted with caution due to study limits, mostly attributable to the design of the study and to the limited resourced setting. The first one is inherent to the cross-sectional nature of the study and 
